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ABSTRACT

We use the on-mass-shell current algebra based on the
SU(3) & sU(3) 0 -medel for calculating the G-parity violating
decay of the N,»3%. The model we use consists of the triplet
of quarks coupled to the SU(3) scalar and pseudoscalar fields,
o and ¢ and the chiral breaking operators ug and Ug (tadpole
terms) . Due to the terms ¢i¢j with 1# 3j=0,3, and 8, in the Lagrangian,
the axial vector current-sources and fields associated with
the‘ﬁp, " ,and h' particles, are formed by the mixtures of
terms with the opposite G-parity and the mixing coefficient
e=,u3/Q4L%,. Using these current operators, and having all
particles on the mass-shell, we evaluate the decay amplitude
form, by the reduction formalism,form the <37 | N> matrix
element, making use of the pole dominance. The result is
proportional to the coefficient r = 4e which is determined, by the
tadpole parts of the masses and decay constants of the mesons,
through a set of relations which are derived from our Lagrangian,
However, since these masses are not known satisfactorily, we
first choose r so as to obtain the observed W —» Mot~
decay rate (which is proportional to r2), and then we verify

that such a r wvalue is consistant with the above set of
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. -2 )
relations. We find r=z2.i2x10 , and in turn the tadpole

2 2

part of the KD~K+ meson mass difference m20 - m,=0.005 Gev".

We also find the branching ratic and the rgtio og the rates
of the N and ﬂ' decays, in agreement with experiment.
Compar ing the decay amplitude obtained here with the
one derived by the tree graph method based on the U(3) ® U(3)
symmetry scheme, we realize the important role of the mixing of

the ¢B, %, , and ¢3 field components, and the advantage of

using the on-mass-current algebra for this process.
I. INTRODUCTION

It has been recognized that the rate of the n -decay into
three pions cannot be obtained simply by the electromagnetic
perturbation, and that this rate has not been satisfactorily
calculated by the phenomenological Lagrangian method involving
soft-pion formalism.l We see that in general, the previous
treatments contain some extrapolation, and give the decay
amplitude in terms of certain parameters which are determined
by certain assumptions and by fitting the observed decay rate.
For instance one such result is obtained from the SU(3)
linear ¢ -model Lagrangian and the other from the parametrization
of the off-shell decay amplitude derived from the nonlinear
g ~-model, in which the tadpole term, Ugs is taken into

account.z'3

A different approach which is based on the
qguark-gluon picture and the U(l) symmetry scheme in which the

singlet component of the hadron axial vector current is not
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conserved. Using this model, the decay amplitude is evaluated
in the U(3) @ U(3) scheme, by the tree graph method, in terms
of a physically non-existent "light-boson" whose unknown mass

is estimated to be less than 1.7 times the pion mass.4'5

The
contribution of this boson to the decay is seen to be
appreciable and thus to invalidate the smoothness assumption
upon which the usual partially conserved axial vector current,
PCAC, is based. By eliminating the contribution of this boson,
as 1s done in Ref. (4), one gets the same result that was
previously obtained by the SU(3) @ SU(3) theory with the Uy
term, and the soft pion technique. The best estimated rate
from this treatment is less than 1/3 of that observed.
Considering these points, it appears that this decay
problem cannot be solved entirely by the choice of the symmetry
and symmetry breaking schemes, alone. With the isospin
invariance breaking term included in the Lagrangian, all the
previous approaches yield more or less the same result. Thus,
further improvement of the calculation seems to require a
departure from the conventional PCAC and soft-pion formalism.6
In this paper, therefore, we evaluate the present decay
by the current algebra of the on-mass-shell pion, based on
the SU(3) ® SU(3) 0 -model Lagrangian scheme.7 In part 2, we
consider the Lagrangian of Gell-Mann and Lévy which consists
of the triplets of gquark field, g, and the nonets of scalar

7,8

and pseudoscalar fields g and & . Also, we define the

guark mass matrix operator, as
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ngzj‘_k&u‘: 4.'::0,3,3 (1a)

where g 1is the quark-meson coupling constant, %4 is the

component of the Gell-Mann nonet A -matrix, u is the quark

0
degenerate mass parameter, while ug and Usg parameters aive
the quark mass splitting terms. Due to the Ug and Uy the
Lagrangian contains terms proportional to 41#3 and 0 '.;]'J

product with 1 and 3j=0,3, and 8. Consequently the axial
vector current source, .]2 , which is defined through the

equation of motion and the chiral gauge technique, a39
2 e * 8 (2a)
%(3+m)g=%Ji a=0"5h

(where the mass m, and decay constant c, are associated with

the SU(3) field ¢

a_) contains terms with the opposite G-parity,

for a=90,3 and 8. Hence, using the physical particle operators,
Eg. ({(2a) gives

+
Jo= 3+ (2b)

10 This current

where the superscript denotes the G-parity.
spectrum stipulates that each physical field ¢& alsc be

consists of two parts with opposite G-parity,
+ -

where 4&?

4@ components of the nonet field ® . We will see how this

are formed by the combination of the ¢b ’ ¢3 and
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mechanism allows us to evaluate the above decay directly by

the reduction formalism from the 3% | M) matrix element. In
doing this is part 3, we see that the decay rates of the n ,
and W , are produced, respectively, by the product of the
current components (.%;, I; ) and (~%F, Jj‘). The matrix
elements of these products are calculated, as in the previous
work,ll via a set of intermediate states and the pole
dominance. Making use of the conserved gquantities we find

the W and ™% +to be the only intermediate states which
contribute appreciably to this decay amplitude.18 The N or
n/ decay rate is found to be proportional to the square of
the ratio r=u3/u8 which is also proportional to the tadpole
part of the K0~K+ mass difference and represents a correction
to the Gell-Mann and Okubo mass formula. All the parameters

in the final results are among those parameters which appear

in our Lagrangian; and so they are expressed in terms of the
mesons masses and decay constants.12 It is seen, however, that
the ratio r cannot satisfactorily be determined, because of
the jinaccuracies in the tadpole parts of the mesons masses and
in the YL decay constant CR.' We, therefore, determine first
the r value from the observed Y decay rate inserted 1in our
decay rate formula. We then find T:EJEHBawhich satisfies all
the relations we have among the mesons masses and decay constants,
with Cn-:l.EBC:!r, which is close to C‘n=l. 376:” deduced from the

SU(3) ® SU(3) algebra developed by Gell-Mann, Oakes and
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Renner, and others.l3 With the same r value we find the

tadpole mass difference of the KO and K+ mesons,

m;ﬂ - m‘;’* =(5 5 s 4é)x/0_3 GeVa ;18 and the branching
ratio of the N and Qldecaying into 379 ang 7entn”, in
agreement with experiment. Our results are consistent with
other results previously produced from our Lagrangian model.14
A byproduct of the present work is the information which
we obtain on the Weinberg's "Light-boson" concept in part 4.
Comparing our result with thatobtained by the tree graph
method in ref (4), we find that the effect of this boson field,
?L » is mimicked by the mixing of the #E , ¢b and‘% field
components, which is our basic mechanism in explaining this
G-parity violating decay. We show in fact that the ?fz_ field is
the ‘ﬁf part of the pion field spectrum defined in eqg. (2¢),
and thus it will not directly be detectable. We discuss this

matter further in part 5.
IT. LAGRANGIAN FORMALISM

For evaluating the N or ﬂ: decay rate into three pions
we use the on-mass-shell current algebra based on the
g -model Lagrangian of Gell-Mann and Lévy7 which is slightly
modified and includes the U, "tadpole" symmetry breaking
term.l4 In this part we derive from this Lagrangian some

relationships among the mesons masses and decay constants,

thereby we determine those parameters relevant to the present
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work. We also obtain the expressions of the current source
/
operators associated with the f, . and 1 mesons, as defined

in Eg. (2). This Lagrangian may conveniently be written, as

Loy vy + £ (3a)

with
o?;,=‘—f[—«'zr'ﬂa’*+ e+ AN (i B g (3b)
Mo ® | 2 ;2
%z‘i{aﬁ@a@}'i ;b(mab%cﬁb*maéﬂ%), (3¢)

TABRTE T IV TUT MM RS SUPFLR

M

P4 o (BT

(34)

t2Nd. dméc[GE.UBGZ"' 2‘1?:(0'&4’5— CPa_G"b)],

with a &« b = 0 to 8, but i, 0, 3, and 8. Here ag} is the part
of the Lagrangian due to a triplet of guark, while Aﬁzv consists
of the meson mass terms, and ;ij represents the mesonic
interactions.

Also {----} denotes the trace,
P=oct+ié

BIYL is the guark mass given by Eg. {(la), and the mesons masses
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=VZ u-' ana
- al , as
Y=vVa Uy U

are obtained, in terms of the quantities ¥ \f- Ug U,

m:'bzf*egab*l'h‘[ b"'r(x b'*'Yalaa_b)]'f!’?[ é&b"‘

(4a}
+3’Soa§ob*ﬁ(xa/8ab+Ydaa.b)--‘?ﬁ(X58a+Y53a)§ab]
for pseudoscalar mesons, and
a-l) )u‘ b‘i'aha oasab+3h|[l+ﬁ(xdga_b+ Yalaab)‘\"
B (uov) 50, T+ by [Sas- 3 8,0 5 + =
+-5_-(X+YJ db 2% 0d%0b
V3 (xdgay+ Yelsap) +3VE (x8524 ¥ 852)5ab ]
for scalar mesons. In writing Egs. (4a) and (4b) we have
neglected the terms involving X2, Y2, and XY. We have also
defined M as the meson "unbroken" mass, and
2
hg_":a’/“;uou (4c)
2
h3=4uo§’

where €, )\ ,

are the parameters of the chiral invariance
terms, I? , I>~ 5 JL , in Egs. (3c). The mixing mass terms
reeded in the present work, are obtained from Egs

(4), as
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c8
2
moszxfé-(h,-h;_))’ (
4d)
2
m38=-'a—(h+ha)Y

/ e
By shifting the G field by A (0-0 )= /9 in the

Lagrangian (3), and again making use of the chiral formalism

we obtain the familiar relationl3
2 M
C&ma.qba.zaﬁAa. a=0 70 8 (52)
P K r~
Aa_-;.]'a_-C&& %
Mote that ,ﬂ;_ with a = 1 to 8 is the usual weak hadron
current.15 The decay constants c, = Cab‘%b’ and
Y
C -c _C _ Ly
=5 = %e=C =(g) (a+x) Ug
}
C+=C - (V2 x V3
k= gy = Css "(6) (?-"“g*—E"YJUG
Y.
C . = = =f1l 12 X 3
x° = %= 7 =(%) (-g-‘-f,_—_‘r)uo (5b)
1Y %2
n = Csa=('a;) [?-- (Ve -)x]Ju,
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where we have neglected Y2, XZ, and XY terms. Experimentally

we have

_c_’<=/.22 ~-/.28

Q" (5¢)

Before going further, we present some relationships which

will be used in the present work. First assigning nz:)ﬂésln

ﬂﬂ
the 92 mass, m8'=' M the ® mass, and moz- M’ the N’ mass,
Eg. (4) give
2 2 2
=
AZ-E(Zﬂlum“-M )
h =-i-(fﬂ?-hﬂzj-h2
I~ 2% (6a)

-]
Vara (4mi_mz-3mz)(f'?z-mz)

where r=y/x and the last relation represents a correction to
the Gell-Mann and Okubo mass formula.

In order to calculate the N decay rate we will require the
parameters hl,h2 and ¥ , in the next part. Yet we cannot
accuraﬁely determine these parameters from egs. (6a), since
these relations depend sensitively on the tadpole parts of the
meson masses which are not well determined.16 However, we
assume that turning on the electromagnetic interaction does
not appreciable alter the ratio CK/%%‘ , or the ratios

[
54/rn_ and'qfkm which involve the neutral mesons masses.

Hence, choosing M =4 m and MI-.;-?.a‘fm , and combining egs. (5}

(6a), and (4c), we find
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u =lim h=9.35m" , h =/38m

b

2 6b
>\=5.? R X=-0336 R r=4.234m (6b)
K,t
E
Here Am Ha mK+ is the tadpole contribution to the

KO—K mass splitting, and r satisfies

(%’:—1 ( )\/_ r(CK ) (6c)

in which Cn./cﬂ is not known. If we compare expression
(6c) with
C
(E“n*‘)""i('}") 6d
E 3 \T (6d)
T 1

which is derived approximately from the familiar (SU(3) & SU({3)
algebra containing only the Uy and Ug symmetry breaking
texrms, we find r=0.5.13'l7 This is too large a number to
produce an acceptable value for Ami{,t from egs. (&6b), or
for the N decay rate from the formula that we will present

below. On the other hand it will be seen in the next part

that r=0.021 deduced from the observed N decay rate (which is

2
proportional to r2) provides a satisfactory .Arﬁe , and a
't
CQ//Q" ratio which is a few percent different from what
we get from eqs. (6d) and (5c). Finally by writing the

equation of motion with the Lagrangian (3), the field-current

source relation (2) becomes
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2 2
- + ¢ =5
d( o W& o o
(7)
525 3 s tc(1-5)6G; i=0,3,8
2% %ua 2w aok /Tt
‘P
where %P‘Ja represents the old pion source given in Ref. (8),
and Gi is an operator which carries a G-parity opposite +o
I
that of the J}L current. The Gi operators for physical
particles are found, as
2 $
0
Gy 0 ™30 0
2 (8)
= 0 m
Gy 0 8 | %
2
2
G“H'a ma3 mo8 © 9%3
with mij given by Eq. (4d). Such Sa source with mixed

G-parity implies a mixture of the field for the physical fields
i ’

of the fr /M and N mesons, through three Euclidian angles

é, 6, , and Qa + in the isospin space. Knowing that

these admixtures must be very small, and using Egs. (7) and

(6), we find

cbqr o} 0 £ Sin8 Cl%
¢n = 0 0 E Cld 8 ¢>8 (9a)

49“0 ESng -€lmo 0 q%
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where € = S 0,1t and O, = 0 are assumed. Comparing

Eg. (9a) with Eq. (7b), and making use of Egs. {(4d) and (6c)

we find

tan 6 = V2 (1= m")Chi- )
(M2 m* ) h,+h,)

N (9b)

E.:—-l-;r—:." g.628e

so the mixing coefficient, £ , between 43 and other fields is

-]
of the order of € =4

III. THE "-~3% DECAY

’
Now that the sources of the No, R,and . fields contain

terms with opposite G-parity, we can evaluate the above decay

by the direct reduction formalism in <3ﬂ{’1) , as

T:Lfdux J;[EXP~¥(kx—rg)]/grx /gfl {2m, PIT{% (), %y }o> oa)

z 2 2 2
with K x=ax+m and Kvuﬁ-‘aj'i'm . Here

’

p and k

are the 4-momenta of the % and N while P=p +p, is

the sum of the 4-momenta of the remaining two pions. Using

Eg. (7), we have,

-1 -
- S (%), S, (4}
/grx/('ij{ﬁr(")ﬁé'z(E”} cr Cn T{ 7 )5 Syl b+ (10b)

e¢!50x,-3) [ 5,00, K],
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We note that the last term of the identity (10b}, in Eg. (10a),
vanishes for the physical pion and N mesons, making use of
the usual canonical commutation rules. Thus for physical

pions these relations give

:qua“x dy [exp < (kx-py)) i)
T Blo( 4 [ o), 8, (] [o>

Noticing by Eg. (7a) that [STY’ SQ] containg commutators
which will not contribute to this G-parity violating case, and
that on account of the smallness of X and Y involved in
Egqs. (7) and (4d) we can neglect the [Gﬂ,,Gq] contribution,

Eq. (lla) gives in the rest frame of the K meson

T:T-{-T&: s (l2a)
L P
s Z <2t plopIno In)<nfGnlod> (34 g,
T M= ~ N (12b)
21 n no

_:__Z a7 ,B|3p ml“)(”lcwlo> 5( K (12c)
n fot o

dropping (z'n‘)q éu(k-—‘r’ -P) Herxe P, is the 4-momentum of
the set of intermediate states n which are introduced in
Eq. (l1la). We note that the J and G operators have

opposite G parities, but the G-parity conservation must be
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respected in determining the |m> states. Considering
parities and other conserved quantities, and taking all
particles on the mass-shell, we determine the states n in
Eg. (12). Then assuming the pole dominance up to and partly
including the three-particle intermediate states, we find
the contributing states n to be Lﬁo> in Eg. (12b) and

b > in Eq. (12¢) .18 Finally making use of these states

and the appendix, Eg. (12) yield

T=tA (am? 8 th-r-B)[i- £ £ - 8]
where £ is given by Eq. (9b), £ = gm", and

A= Ly (mtniy(2Mg em )

B.;(.amQ’W-mﬂn)(zfvrgnﬂf-mg.,L Y

Using Egs. (A7) and (A8) of the appendix in Eq. (13b),

A,,.___
gt (M m)(6M+m)>\
B=5sm(cM+m)™
for V’L-»‘II’O-|-1T+.+ ™ , and

A= (Mz m )[Olm(2§+>s)+m)\}

B= [qm (2e42)-m N ][Am(zs+ N)+mA T

(13a)

(13b)

(l4a)

{14b)

0
for 1-3W. With the usual formula of the transition probability

we find from Eg. (13), the decay rate [' as

2
r7= n12/4 I Ea
E4 3 Ms

{l5a)
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0.+ ~
where sxl1 for >N NN ,s = 6 for N >apw? , and

M
I-= é‘fl (1-ae) [(RL£)°- (r-£)’-3]dE

(15b)
Here R:%—E s R’-_—_fng_; , and
2
O= = (-
Pﬁ( 8) (15¢)
with M=4m, gives
a=0.625 for N 2%y
(154}
=046 4 For' N-=37w°
Using egs. (6), (9}, and (15), we find for
s -6 2 2
[ =4.56x10" r®_8.2x10" (am, ,) . (16)
o+ - P
If we take Dashen's sum rule for the chiral symmetry limit,19
2 - 2 c
(M~ m{'{o}em:(mﬁ*—mﬁ")em ’ (17)

(where em denotes the contribution of the purely electromagnetic

interaction) and make use of the observed Ami( t=4'/6 J(/O_sGeV‘?
P 2
we find19
2 -3 2
Am = 8546 xi0° HeV 7,
K,
- (18a})
r = 2.32 X /0 2
Using these data in eq. (16) we have
[ =245 eV, (18b)

o0+
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which is close to the recent observed rate /Zb =204+ 22 EV.ZO

2
With a deviation in eq. (17), which would reduce (na?f..”gka)em
by about 30%, the same calculation yields
2 -3 e
= x 10 GGV
AmK,t J 7
-2
vy = 2./12x10 (19)
[" = 205 eV .
-
2
We note from eq. (16} that the Am/\’;t value is much less

sensitive than the [’ value to the approximation involved in
the evaluation of the amplitude (12). The Amf(,t value found
here agrees with the one given by the authors in refs. {16}
and (19). It is also to be compared with the Amzkaé range
obtained from a perturbation formalism combined with the
phenomenological expression of the "] decay amplitude, by

P. Langacker and H. Pagels.21

Finally making use of Egs. (14) to (15) we find

Frin-ay9)
M(>ny" )

in gocd agreement with the observed data.22

To obtain the rate of the %L;3ﬂ‘, we follow the same
above treatment in which the source Sn in Eq. (lla) is
resplaced by 5ri given by Eq. (7), and M is changed to

. . 2 2
4
M=7.04m - In this way we find Myy 1R place of L and
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I{n' - 3% ) in place of  [(ns 37) in Eq. (15).

Hence

[(v'sam) _ Mf(mos)” L(n's3m) 208,
M

F{n~>31) Mas/ T(n-23m)
According to the particle data group the upper limit of the
ﬂf total width is 1 MeV.22 Taking this figure,/a =204 el
obtained from Eq. (16 ), and Eqg.(20a) , we find the upper limit on the

o - L2
branching ratio of the Qﬂ+1T7T+ﬂ and ' 3T to be 2.9% and

4.6%, respectively, consistent with the observed limit S%.22
IV. COMPARISON WITH THE U(3) ® U(3) APPROACH

We now consider the result of the decay amplitude which
is derived, in Ref. (4), by the tree graph method in the
U(3) @ U(3) picture. This amplitude can be expressed in terms

of two parameters F and m_ , as

L
’ng
T= F‘[l--é-f r —— ] (21
M m®- m? )

where my . in Ref. (4), is considered to be the mass of an
unobserved boson, to be called "L" particle. The fields
associated with the "L" and particles are given in terms

of the ¢, - ¢8 mixing, as
(4:,_) Cos B SmfB\ /%

= ) (22a)
‘#'n_ SmP  ~lesp3 ?’)8

with_ﬁ being the mixing angle.
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Here, comparing first Egs.(223) and (9) and setting

R=6 we find

¢, =
" ﬁ*aﬁ. (22b)
So the "L" boson field ¢L is actually the ‘?; part of
our pion field spectrum defined by Eg. (2¢). Next we note
that the two amplitudes (21) and (!3 ) are equal, if we set
F=°¢tA
(23)

2z -l 2
n1L=:B<I“B) m

with A and B given by Eg. (13b). An inspection of Egs. (9 )

and (13b) shows the m is imaginary and the upper limit of

23

L

ayn a is -
]W\L\ , form , and M ecays is g™
V. CONCLUDING REMARKS

We have seen that the Lagrangian based on the SU(3)&SU(3)
linear g ~-model, combined with the on-mass-shell current
treatment is capable of giving the ¥ and nf decay rates in
agreement with experiment. This success is partially due to

the isospin breaking term u in the quark mass matrix, and

3
partly due to the field-current source relation (7) which
provides a mechanism for handling this G-parity violating
decay through the usual reduction formalism. The term Ug

has a far reaching consequence in the entire formalism. On

the one hand the quantity r = u3/u8 comes out proportional +to
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which is the tadpele contribution to the KO-K+ mass difference.
On the other hand, due to the term ug the combination of the
equation of motion and the chiral current gives the current
source Ja , & mixed G-parity spectrum and this in turn leads
to having the admixture of the ?% and 7% with ?% in the

f(“ , . « and Q' states. We see in Eg. (9), for instance,
that the pion field consists of the usual‘% field and a G=l
parity part 41 , with the mixing coefficient ¢ of the order

of e2, which contributes only in a G-parity violating process
such as this Y decay. (We do not know if the closeness of the
€ value to the square of the electric charge is accidental,

or due to an intimate link between the tadpole u and the

3
electromagnetism.) The main difference between the present
treatment and the soft-pion approach is exhibited by the term

B in Eg. (13a). The effect of this term on the decay rate
(through the parameter a in Eg. (15a)) is appreciable.

Our result, Eq. {(16) shows that the h decay rate depends
sensitively on the r wvalue, or on the field mixing coefficient
a==a_@aez. The main approximation in determining r, is
the pole dominance and partly taking into account of the
background continuum in the matrix elements of the products
of the currents in the amplitude (12).23 To get some idea of
the degree of accuracy of the present treatment, we note that
Egs. (6b) with r=0.021 given in Eq. (19 ), yields an n decay
constant CQ =/28 C',n_, as compared to the value sz =137 C‘D" deduced
from the exact chiral-limit expressions for Qk and € .24

n
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We also see that the ZSHﬁht value given in Eg. (19) is close
to that estimates by making use of Dashen's sum——rule.19 It
also agrees with the Ani“tvalue which is obtained from the
pole dominance application in the N decay amplitude which
is given by P. Langaker and H. Pagels.21 Furthermore, the
branching ratio of the N decaying into 377° and 71’071’*#- '
and the ratio of the N and Q' decay rates, Egs. (203) and
(20b), agree with experiment.

Finally we note that the decay rate in Eq. (I33)is
identical in form with the amplitude (21) which is derived
from the UG(3) ® U(3) symmetry and the tree graph method in
Ref. (4). Thus by comparing these relations we obtain some
information on Weinberg's light boson, L. We see from Eg. (9)
that the 1L boson does not represent a particle in our
formalism, since it is the G=1 part of the pion field spectrum,
Eg. {(2¢). Second, we note from Egs. (16) and (21) that for
obtaining the observed decay rate we must have m, = "ﬁ/vg .22
Without the m term in the amplitude (21}, or the B term in
Eq. (13) the calculated rate would be three times less than
the observed one.4 Considering these points we observe: On
the one hand, that if we wish to apply the usual PCAC algebra
to this process, we must realize the smoothness of the off-
shell amplitude by suppressing the m contribution through
a mechanism such as that proposed in Ref. (4); on the other

hand in doing this we partially eliminate the ‘Pa—?sa - %

admixture which is a part of the mechanism for this G-parity
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violating interaction, and so consequently we find an
unacceptable result.25
The on-mass-shell formalism as presented here, avoids
the above difficulty and the problem with the soft pion
exXxtrapolation . Thus it offers a more successful formula for
this decay; and within the errors involved in the pole
dominance and in the observed N decay rate, it gives a

reasonable value for the U3 /C{g ratio, or for the strength

of this G-parity interaction, £ .
APPENDIX

Here we give details of how the amplitude (13) is found

from Eg. (l12). What we need in Eq. (l12) are the quantities

-2 ! !
I.=m e, p BPJ); | n” >1°'=

=3

-2 ’ ’ (Al)
IB: m <a?raf>‘ap,J3 !q-;h >]j=_r
We note, according to Egs. (7) and (2)
K ¢ 9 1"
v /g‘ n’ af‘“ JB (A2)

c t_ 5 gt
VLK'LCPVL‘ af*Ja

Using Egs. (A2) in (Al) and making use of the fact that the

state \ﬁ°}, or |n >y, is mixed according to Eg. (9), we find
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-2 : ‘
I=rmCam,p| 3,35 | no, P 2P

(A3)
I om2eM, Pl3udy [M,K >y
g= e QM PLoudy TR DL p
where we have defined Ea}:n{' and the coupling constants
4:jn° =3l o>
{A5)

=L B D

It can be verified that the momentum dependence of the
coupling constants gna and 3,1 in the range of interest for
E, which is m £ &€ ¢ M-2m , is negligible.26 Also we note
there g's can be read off a part of the Lagrangian 020;

in Eq. (3d), which is

4
‘z"fq’*%dabmclmcn ¢a<}z’qi_q§_’

(A6)
From Egs. (A4) and (A5) we obtain
Qno = A
g _A (A7)
"3
for v - ﬂ°ﬁ+1‘(’ , and
A
jno =3(¢+ 2)
g X
W = 3 {A8)
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for Yl-a.aﬁo.zo We see from Egs. (A7), (A8), (2!) how the

mass parameter m. in the U(3)@U(3} approach is related to

the coupling constants gﬁa and gq_ in our work. We also

note from Eq. (A8) and the work in Ref. (14) that the parameter
which appears only in the VL-a3ﬂ° decay, is intimately

related to the coupling constants of the & and s scalar

mesons.
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